
-> d 113 1-3 abs,Mb V , rJ W^HCj7)^^^ 



L13 ANSWER 1 OF 3 USPATFULL on STN 

AB A crystal puller for growing monocrystalline ingots includes a side 
heater adjacent a crucible for heating the crucible and a melt heat 
exchanger sized and shaped for surrounding the ingot and disposed 
adjacent a surface of the melt. The heat exchanger includes a heat 
source having an area for radiating heat to the melt for controlling 
heat transfer at the upper surface of the melt. The melt heat exchanger 
is adapted to reduce heat loss at the exposed upper surface portion. 
Methods for growing single crystal silicon crystals having desired 
defect characteristics are disclosed. 
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AB A method and system for controlling growth of a taper portion of a 
semiconductor single crystal based on the slope of 
the taper. A crystal drive unit pulls the growing 

crystal from a melt at a target pull rate that substantially follows an 
initial velocity profile for growing the taper. A controller calculates 
a taper slope measurement as a function of a change in crystal diameter 
relative to a change in crystal length. The controller then generates an 
error signal as a function of the difference between the taper slope 
measurement and a target taper slope and provides a pull rate correction 
to the crystal drive unit as a function of the error signal. In turn, 
the crystal drive unit adjusts the pull rate according to the pull rate 
correction to reduce the difference between the taper slope measurement 
and the target taper slope. The target taper slope is defined by a 
function having a generally exponential component and a generally linear 
component . 
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AB An automated crystal pulling system utilizes a digital computer to 

control a Czochralski crystal puller. Crystal pull rate, crystal spin 

rate, crucible lift rate and crucible spin rate are monitored with 

tachometers, and the monitored signals are applied to 

controllers to control the respective motors and 

provide independent closed control loops, with each 

controller having a set point signal input from the computer. A 

sensor detects the output level of the radio frequency generator 

(induction heater) and applies a signal to a generator controller having 

a set point input from the computer, providing closed loop temperature 

control. A temperature control algorithm 

receives an input from a melt temperature sensor and 

calculates the set point to the generator controller. A diameter control 
algorithm receives an input from a crystal diameter sensor and 
calculates the set point to the crystal pull motor controller. A melt 
level control algorithm claculates the set point to the crucible lift 
motor controller to provide a constant melt level. 
An adaptive control algorithm adjusts melt 
temperature, via the temperature control 

algorithm, as required to maintain average pull rate within imposed 
limits. Crystal specifications are input to the computer via a card 
reader. Operators are required only to load the charge, read in the 
specification card, grow the crystal stem, initialize various 
procedures, and remove the crystal ingot and clean and reload the 
puller. 
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AB In a single crystal growino technique (crystal pulling) a method and 

apparatus for minimizing impurity contamination and preventing heat 
convection currents from affeecting the solid-melt crystal growing 
interface which uses a floating baffle plate in the interior of the feed 
melt containing crucible inlorder to obtain a single crystal of a 
compound semiconductor havirig a high melting point and exhibiting a high 
dissociation pressure at theVsaid melting point such as a compound 
semiconductor of Groups III-^T, especially GaAs or Gap, the crystal 
having a small dislocation debsity. Improvement is made on the shape of 
the baffle plate and on baffle plate control means, and this baffle 
plate is combined with selected intra-furnace pressure or heating means 
or temperature measuring meansy 
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AB An electrical resistance heater for use in a crystal puller used for 
growing monocrystalline silicon ingots according to the Czochralski 
method comprises a heating element sized and shaped for disposition in 
the housing of the crystal puller around the crucible for applying heat 
to the crucible and silicon therein. The heating element includes 
heating segments connected together in an electric circuit. The segments 
have upper and lower sections and are arranged relative to each other so 
that when disposed around the crucible containing molten silicon the 
upper sections are disposed generally above a horizontal plane including 
the surface of the molten silicon and the lower sections are disposed 
generally below the horizontal plane. The upper sections are constructed 
to generate more heating power than the lower sections thereby to reduce 
a temperature gradient between the molten silicon at its surface and the 
ingot just above the surface of the molten silicon. The upper sections 
have a thickness substantially equal to the thickness of the lower 
sections and have a width substantially less than the width of the lower 
sections. The cross-sectional area of the upper sections is everywhere 
less than the cross-sectional area of the lower sections. 
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AB An apparatus and method employing an interface heater segment for 
control of a shape of a peripheral edge region of a solidification 
interface in a Czochralski crystal pulling process are provided wherein 
an interface heater segment, independently 
controllable from a primary heater, is provided at the 
level of the solidification interface around the periphery of the 
crucible, the interface heater segment being selectively controlled to 
influence the shape of the solidification interface at the peripheral 
edge region thereof, in order to eliminate problems experienced with 
edge downturn at the peripheral edge region of the interface. 
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AB An apparatus and method employing a radiative heater for control of a 
shape of a peripheral edge region of a solidification interface in a 
Czochralski crystal pulling process are provided wherein a radiative 
heater element, independently controllable 
from a primary heater, is provided above the upper 
level of the melt and of the solidification interface 

around the periphery of the crystal, the radiative heater element being 
selectively controlled to influence the shape of the solidification 
interface at the peripheral edge region thereof, in order to eliminate 
problems experienced with edge downturn at the peripheral edge region of 
the interface. 
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AB In a single crystal growinn technique (crystal pulling) a method for 
minimizing impurity contamination and preventing heat convection 
currents from affecting the solid-melt crystal growing interface which 
uses a floating baffle plane in the interior of the feed melt containing 
crucible in order to obtain! a single crystal of a compound semiconductor 
having a high melting pointiand exhibiting a high dissociation pressure 
at said melting point such as a compound semiconductor of Groups III-V, 
especially GaAs or Gap, the crystal having a small dislocation density. 
Improvement is made on the smape of the baffle plate and on baffle plate 
control mechanisms, and this Vbaf fie plate is combined with selected 
intra -furnace pressure or heaping mechanisms or temperature measuring 
mechanisms . 
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